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Introduction
In fish species having a stomach the full acidic digestion capacity is attained when the transition to juvenile is completed 
(Yúfera et al. 2004). The pepsin is activated from its precursor at low pH gastric environment. Nevertheless, such low pH 
is only attained in some moments during the feeding and digestion process. The daily acidic digestion pattern basically 
depends on gut content and internal rhythms for the production of pepsinogen and HCl in the cells of the lumen of the 
stomach. These rhythms seem to be synchronised by the photoperiod and meal timing and frequency (Montoya et al. 
2010). In this study we have examined the daily pattern of feeding and the consequent digestive activity as a function of the 
feeding protocols in early juveniles of gilthead seabream, Sparus aurata. Specifically we are presenting here the effects on 
gastric pH, and on the gene expression of RNA codifying pepsinogen and proton pump.
Material and Methods
Seabream juveniles of 1g WW were acclimatized to the experimental feeding regime for 2 month in 250-L tanks at 20ºC 
and 12L/12D photoperiod. Three feeding protocols were tested: a) one meal at 9:00, b) two meals at 9:00 and 17:00 
respectively and c) continuous feeding during the light period, from 9:00 to 21:00. In all cases the same amount of food 
was supplied every day. Samples for the gastric pH determination and gene expression (pepsinogen and proton pump) and 
future analysis of enzyme activity (pepsin) were taken periodically during a 24h period. Gastric pH was measured with 
a microelectrode as explained in Yúfera et al. (2004). Gene expression of pepsinogen and proton pump was analysed as 
explained in Darias et al. (2007). The existence of statistically significant daily rhythms was tested using Cosinor analysis 
(Montoya et al. 2010).
Results
After the acclimatization period, the juveniles that received the daily ration in one meal (A) grew less than the other 
two feeding regimes (Average WW: 5.38, 6.55 and 6.74g respectively in the treatments A, B and C). The stomach was 
completely filled immediately after the first meal and became empty at the beginning, at the end, and in the middle of 
the dark period with the regimes A, B and C respectively. In all cases the gastric pH exhibited significant daily rhythms, 
decreased after the first morning meal and tended to recover neutral values by the end of the dark period before the morning 
feeding. Nevertheless, the pattern was different under each feeding regime (Figure 1a). The daily pattern of gene expression 
of pepsinogen (Figure 1b) was similar to proton pump pattern (not shown). However these patterns were completely 
different under the different treatments although the Cosinor analysis did not reported conclusive significances.  In the 
treatment A, the expression increased from minimum values at the beginning of the light period up to reach the highest 
values at the end of the dark period. In the treatment B, the expression was relatively high during the whole period. Finally 
the regime C showed an opposite pattern to treatment A, with the highest expression at the beginning of the light period 
and the lowest values at the end of the dark period.
Discussion
These results clearly showed that the feeding protocol had a marked effect in the digestive strategy. The digestive function 
changed in order to obtain a maximum benefit of the ingested nutrients at a minimum cost. Eating just one meal a day 
reduced the residence time of the gut content and the possibility for digestion. Thus, the pepsinogen RNA is mainly 
produced during the dark period and rapidly consumed after feeding. Two meals or continuous feeding allowed a longer 
digestion process enhancing consequently the growth. 
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